The objective of this work is to determine the effects of climate change on the water needs of crops in the Bounamoussa perimeter, which is one of the large irrigation systems in the North-East of Algeria in order to predict a diagnosis of its operation. This region covers an area of 16,500 ha and is specialized in vegetable production.
INTRODUCTION
Climate change has become a serious threat to food security in areas where agricultural production is highly sensitive to weather conditions. Indeed, changes in precipitation and temperature regimes combined with other environmental constraints such as soil degradation, pests and diseases have contributed to the decline in agricultural production [FRANKEL-REED et al. 2009; GIEC 2007] .
In the North-East of Algeria, irrigated crops occupy an important place in the agricultural landscape. Yet the climatic trend of recent years has been characterised by increasingly drought conditions. The resulting water restrictions, especially during the summer period where irrigated crops are practiced, raise the problem of water requirements for irrigation. It is in this context that we will address this work. We study the situation of the plain of Bounamoussa located in the North-East of Algeria, through a study of the cur-rent and future water needs of irrigated crops. For this purpose, we will carry out specific agronomic calculations according to the crop rotation recommended by the FAO experts within the framework of the national water plan adopted in 2007 [MREE 2007] .
In this study, the results of the climate parameters projected to 2050 and 2080 (according to the "average overall" approach of the Web-based program "Climate Wizard") were compared with those of the DSSAT program and used in the CropWat 8.0 program for estimating the future water requirements of crops.
MATERIALS AND METHODS

PRESENTATION OF THE STUDY AREA
The study area is represented by the plain of Bounamoussa (Fig. 1) . The total gross area is about 16 500 ha of which 14 800 ha represent the irrigable net area. The perimeter irrigation water comes entirely from the Cheffia dam located upstream of the perimeter at about 20 km on the Bounamoussa River.
According to our survey carried out during the crop year 2013-2014 the irrigation technique most adopted is the sprinkling with 80%, followed by the surface irrigation with 18.50% and the drip system with 1.5%. Not far from the sea, the area undergoes a humid temperate climate where the annual rainfall varies from 600 to 700 mm and the mean temperature is of the order of 18°C. In this 48-year period, from 1972 to 1990, the wind speed varies from 3.1 to 3.5 mꞏs -1 . The average relative humidity varies between 71 and 79%. The minimum varies between 43 and 53%, and the maximum between 92 and 96%.
The sunshine duration reached the average minimum in January with 4.4 hours per day, and the maximum in July with 11.4 hours per day. The number of sirocco days is about 14 days per year. It is most frequent in July and August and lasts respectively 2 and 3 days per month [MEDJERAB, HENIA 2005] .
CROP WATER REQUIREMENTS
The continuous fictitious flow, following the calculations period of the irrigation water requirements, is adopted during the Bounamoussa perimeter creation studies in the late 1960s, and is based on evapotranspiration, rainfall and the planned 0.7 dm 3 ꞏs -1 ꞏha -1 [SARES 1966 ]. The total requirements according to this study total 10 300 dm 3 ꞏs -1 for the irrigation of 16 258 ha. The irrigation water is provided by the Cheffia dam with a stopped flow during the study design of 60 hm 3 per year.
STUDY METHODS
The assessment of potential evapotranspiration is necessary to estimate the irrigation needs [DOOREN-BOS, PRUITT 1977; FUHRER, JASPER 2010] . It is considered as an indicator of optimal vegetation development and plays a capital role in assessing a region's climatic fitness for agriculture [CALANCA, HOLZKÄM-PER 2010] . However, it is not so simple to define with precision the potential evapotranspiration [BRUT- SAERT 1982] , because it depends not only on the conditions of the atmosphere and the soil, but also on the vegetation's characteristics. For this reason, FAO has introduced in its report No. 56 on irrigation and drainage the concept of evapotranspiration of reference (ETo) [ALLEN et al. 1998 ].
We calculated the annual and monthly water requirements for the reference year 
Where: B = water requirement (mm); Kc = crop coefficient; ETo = evapotranspiration of reference (mm); P ef = effective rain determined from the USDA method (mm).
In the absence of crop coefficients used for the different crops that are truly representative for the study area, we were inspired by the work carried out within the framework of the national water plan adopted in 2007, enabling the same projection of land use by crops (Tab. 1).
Crop simulation models. CropWat. The CropWat 8.0 was used in order to have more complete outputs. CropWat is a free computer program developed by the FAO Land and Water Development Division in the early 1990s to assist agricultural water specialists in irrigation management [TURRAL et al. 2011] . This decision-making tool allows estimation of reference evapotranspiration, crop water requirements and irrigation needs of crops. It can also be used to design irrigation systems and assess the effectiveness of irrigation practices. Several studies [MUHAMMAD 2009; SMITH 1992; SMITH et al. 2002; STANCALIE et al. 2010] have used CropWat in various applications related to irrigation and water consumption of crops.
The Centre for the Economy of the Environment and Policy in Africa (CEEPA) reported in 2006 a series of studies on the analysis of the impacts of climate change on several crops in several countries of Africa, for example Senegal, Mali, Niger, Egypt, and others using climate data generated with CropWat.
The Decision Support System for Agrotechnology Transfer (DSSAT) model. The DSSAT model is well known for its wide use [SOLTANI, HOOGEN-BOOM 2003] . It is a model of crop simulation (for more than 20 different crops). It is a set of programs integrated into a single software to facilitate the application of crop simulation models in research and decision-making [HOOGENBOOM et al. 2003; TSUJI et al. 1994] . The model simulates the daily growth stages of crops (wheat, tomatoes, potatoes, maize and other crops) such as phenological development from seeding to harvesting, photosynthesis, the biomass, root development, stem, leaves and grains, and water in soil and movement of nutrients.
The input data required by the DSSAT program includes meteorological data, soil properties, plant characteristics, and crop management (technical itinerary). The output file contains a list of input conditions, crop yields, soil characteristics summary, cultivar coefficients, soil condition at major stages of crop development, temporal distribution of Crops and soil moisture content and future climate data generated by WEATHERMAN (DSSAT integrated program).
DESCRIPTION OF THE CLIMATE TOOL
Climate Wizard is a web-based Climate Assistant, created in partnership with The Nature Conservancy, the University of Washington, and the University of Southern Mississippi. It is a mapping tool that uses advanced climate models and statistical analyses to study both current and future climate conditions from any place on Earth [GIRVETZ et al. 2009] . Future climate projections are based on the general circulation model.
The results of the models are produced for three different scenarios of greenhouse gas emissions for two future periods; average (2050) and end of century (2080). Projections were made using the period 1950-2002 as a baseline (Tab. 2). ETo is calculated by CropWat 8.0 software using the results obtained from The results obtained from the model, namely projected temperature and precipitation, were used to generate future data for the half and the end of the century (2050 and 2080). These generated results were then used to replace those existing in the observed data set. At the end of the overall process, data (projected minimum and maximum temperatures and precipitation) that have been generated corresponding to 2050 and 2080 are obtained. These data were used in the CropWat 8.0 crop model to simulate future water requirements Irrigation for crops in the study area.
RESULTS AND DISCUSSIONS
The results obtained from Climate Wizard (Tab. 3, 4) provide information on changes in temperature and precipitation during the middle and end of the century (2050 and 2080) according to the three climatic scenarios and according to the climate simulation models provided by Climate Wizard. It is noted that variations are very important for both temperatures and precipitation compared with the year of reference. Concerning the temperatures, we note a very important evolution, which varies between 1°C and 6°C for the three scenarios for the middle and the end of the century. There is also a very significant reduction in precipitation, which ranges from 1. The results obtained from the DSSAT 4.5 software concern the growing period of the potato for a stable rate of CO 2 emission of 385 mg•dm -3 . These results show that the model provides virtually the same projections as the 16 above-mentioned models for temperature, but overestimates precipitation.
Concerning the assessment of crop water requirements in 2050 and 2080 according to the rotation recommended by FAO experts when drawing up the National Water Plan (2007), the three climatic scenarios (B1-A1B-A2) and the five climate models most used around the world (Tab. 7), we note: -a variation of the results between the models; -irrespective of the model adopted and the year of projection and the scenario considered, the water requirements exceed 22 000 m 3 ꞏha -1 , which represent between 3 and 4 times the requirements calculated during the study design; -winter vegetables dominate crop water requirements followed by industrial crops and then citrus fruits in both 2050 and 2080, regardless of the scenarios of climate change adopted. According to the results of calculation of the water needs of the crops it is noted that whatever the model of climate change adopted, there is an increase of these needs nevertheless a difference between one model and another is to be noted.
During the study of the Bounamoussa perimeter, water requirements were estimated at 60 hm 3 per year Explanation: (1)-(12) = consecutive months in the year. Source: own study. for an irrigable area of 14 800 ha. By adopting the results of these two models (UKMO-HadCM3 and ECHAM5), there is an increase of more than 25 000 m 3 per ha, which represents 3 to 5 times the actual needs compared to the needs estimated in the initial study, varying from 5000 to 8000 m 3 per ha. Knowing that these needs are necessary to determine the continuous fictitious flow rate we can say that our network put in place will not manage to convey the projected flow. As a result, all the hydraulic infrastructures, namely pumping stations, pipes and other structures, will be undersized, which affects the proper functioning of the perimeter. This is valid for the entire study area. Source: own study.
